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Final  Progress  report 

To  study  the  differential  expression  of  L. 
acidophilus-S\pA  and  the  role(s)  of  this 
molecule  to  either  control  or  elicit 
inflammatory  signals  in  murine  colon 
cancer  we  formulated  two  specific  aims. 
(1)  To  elucidate  the  regulatory  effects  of 
L.  acidophilus-S\pA  on  induced  intestinal 
inflammation  and  (2)  to  demonstrate  the 
regulatory  effects  of  L.  acidophilus  SIpA 
in  decreasing  cancer-promoting 
inflammation  in  colonic  polyposis. 
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Aim  1.  To  elucidate  the  regulatory  effects  of  L  acidophilus-S\ps  on  the  induced  intestinal 
inflammation.  The  rationale  for  this  proposal  is  that  the  developmental  stages  of  colon  cancer 
include  polyps,  adenomas,  and  carcinomas  whereupon  undesired  inflammation  can  promote  the 
tumor  growth  in  mice  with  polyposis  and  in  human  colon  cancer.  Accordingly,  such  induced 
pathogenic  inflammation  when  controlled  by  regulatory  mechanisms,  including  T  regulatory  cells 
(Tregs)^'^  gut  homeostasis  can  be  established  in  order  to  initiate  protective  immune  responses 
against  induced  polyps.  To  test  this  notion,  we  sought  to  employ  L.  acidophiius  strain  that  lacks 
lipoteichoic  acid  (LTA),  surface  layer  B  and  X  but  solely  expressed  SIpA.  Rationale:  Recently,  we 
showed  that  transient  colonization  of  the  colon  with  NCK2025  lacking  LTA  significantly  mitigated 
chemical 


and  T  cell- 
mediated  colitis.^’'^® 
Analyzed  mechanisms 
suggested  that  the 
induction  of  regulatory  IL- 
10'^DCs  and  functional 
Tregs,  activation  of 
pErk1/2,  and  the 
downregulation  of  critical 
downstream  signals 
(Akt1 ,  p38)^  are  key 

elements  involved  in  the 
amelioration  of  murine 
colitis. Additionally, 
NCK2025  significantly 
abated  inflammation- 
promoting  polyposis®  in 
our  novel  x  TS4- 

cre  mouse  model,  where 
protection  correlated  with 
the  regulation  of  innate 
and  T  cell  inflammation.® 
Thus,  we  concluded  that 
the  controlled 
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Figure  2.  L.  acidophllusS\p^  protects  against  pathogenic  T  cell-induced  colitis.  Rag1*  mice 
were  injected  with  10*  CD4XD45RB'''  T  cells,  and  then  orally  gavaged  with  NCK56,  NCK2187,  or 
SIpA,  1  and  3  days  after  transfer,  and  subsequently  once  a  week  for  4  consecutive  weeks.  Colitis 
severity  was  determined  in  part  by  colonoscopies  (A),  and  histopathology  scores  (B).  (C)  Circulating 
IL-lp  levels  were  significantly  lower  in  NCK2187-,  and  SIpA-  treated  mice.  (D)  Colonic  expression  of 
Ltb4r1  and  Ltb4r2  was  measured  by  RT-PCR.  *  compare  with  PBS,  &  ’  with  NCK56.  *P<0.05. 
"P<0.01,  ***P<0.001.  ****P<0.0001. 


inflammation  resulting  from  the  cross-talk  between  NCK2025,  and  in  particular  its  surface  protein 
SIpA,  with  intestinal  cells,  could  potentially  modulate  the  expression  of  epigenetically  regulated, 
colorectal  cancer  (CRC)-associated  genes^°  and  restore  gut  homeostasis  to  ablate  colonic 
polyps. These  important  data  were  compelling  evidence  in  defining  the  SIpA  of  this  NCK2025 
strain  as  playing  the  critical  role  in  the  protection  against  murine  colitis  and  polyposis.  Thus,  we 
hypothesized  that  the  bacterial  SIpA  interacts  with  colonic  innate  cells  (e.a.,  DCs)  via  SIGNR3  to 

reoulate  detrimental  sionals  in  innate  cells,  which  in  turn,  reshape  the  functional  balance  of  T  and  B 

ceif^  homeostasis,  resultino  in  sionificant  mitioation  of  induced  colitis.  The  rationale  for  this 
hypothesis  was  that  three  L.  acidophilus  surface  layer  proteins  (e.g.,  SIpA,  SIpB  and  SIpX)  interact 
with  PRRs^"^’^^  to  deliver  signals  in  intestinal  innate  cells,  however  information  about  the  functions  of 
these  Sips,  and  in  particular  SIpA,  are  relatively  limited. Therefore,  to  specifically  demonstrate 
the  effects  of  SIpA  and  its  binding  to  its  receptor  on  intestinal  innate  cells  and  the  consequences 
thereafter,  the  upp  counterselective  knockout  strategy  was  used  to  generate  in-frame  deletions  in  the 
SIpB  or  SIpX  genes  of  NCK2025  lacking  LTAJ®  resulting  in  the  generation  of  NCK2187  strain,  which 
expresses  only  SIpA  (Fig.  1A-C).  Creating  this  novel  bacterial  strain  was  critical  to  the  definitive 
demonstration  of  the  role  of  SIpA  in  controlling  pathogenic  inflammation,  which  results  in  significant 
mitigation  of  colitis.  To  demonstrate  that  the  newly  generated  NCK2187  transiently  colonizes  the  gut, 
both  the  erythromycin-resistant  NCK56  wild-type  (wt)  strain  and  the  NCK2187  strain  were  then 
determined  in  orally  treated  C57BL/6  mice  (administered  once  with  10®  CFU/mouse).  Data 
demonstrate  that  mice  cleared  both  NCK56  and  NCK2187  after  3  days,  indicating  that  deletion  of 
LTA,  SIpB,  and  SIpX  in  the  NCK2187  strain  did  not  impair  its  transient  colonization  when  compared  to 
its  wt  NCK56  (Fig.  ID).  Furthermore,  NCK2187  and  SIpA  not  only  significantly  mitigated  induced 
colitis  in  RagT'  mice  that  received  proinflammatory  CD4'^CD45RB^'  T  cell  transfers  (Fig.  2A-B),  but 
also  reduced  IL-i  p  (Fig.  2C),  and  the  high  affinity  receptor  for  LTB4  and  BLT1®°’®^  {Ltb4r1,  Ltb4r2) 
(Fig.  2D)  all  of  which  are  significantly  involved  in  the  induction  of  pathogenic  inflammation. 

Additionally,  the  barrier  function  and  tight  junction  proteins  (e.g.,  occludins)  were  protected 
(Fig.  3A-B),  and  the 
composition  of 
microbial  symbiosis 
was  maintained  (Fig. 

3C-D)  in  NCK2187- 
or  SIpA-treated 
FtagT^'  mice.  In 
contrast,  T  cell 
induced 

inflammation  in  PBS- 
or  wt  NCK56-treated 
RagT^'  mice 

significantly  affected 
the  intestinal  barrier, 
tight  junction 

proteins,  and  gut 
microbiota  (Fig.  3A- 
D). 
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Figure  3.  L  acidophUus-SipA  protects  against  pathogenic  T  cell-induced  intestinal  damage  and  dysbiosis. 
Ragl^  mice  were  Injected  with  10®  CD4^CD46RB^  T  cells,  and  then  orally  gavaged  with  NCK56.  NCK2187,  or 
SIpA,  1  and  3  days  after  transfer,  and  subsequently  once  a  week  for  4  consecutive  weeks  (A)  Colonic  expression 
of  tight  junction-related  genes  was  measured  by  RT-PCR.  (B)  Injected  Rag1'‘  mice  were  orally  gavaged  with 
FITC-Oextran.  and  FITC  fluorescence  in  the  serum  measured  as  a  measure  of  intestinal  permeability.  (C)  UniFrac 
analyses  vrere  used  to  calculate  distances  between  samples  and  three  dimensional  scatterplots  were  generated 
by  using  pnncipal  coordinate  analyses  (PCoA)  Protected  mice  that  received  Tregs  clustered  with  NCK2187  & 
SIpA-treated  Ragi''  mice  (D)  Changes  in  the  relative  abundance  of  different  phyla  were  also  apparent  in 
diseased  mice  *  compare  with  PBS.  &  *  with  NCK56.  *P<0  05.  •^P<0.01. 


To  address  the  direct  effects  of 
the  monoassociation  of  NCK2187 
versus  wt  NCK56  on  intestinal 
responses,  germ  free  (GF)  mice  were 
then  employed.  Monoassociation  of 
NCK2187  regulated  IL-ip,  and  IL-6  in 
DCs  of  GF  C57BL/6  (Fig.  4A). 

Importantly,  NCK2187  not  only  induced 
the  formation  of  colonic  Tregs  (Fig. 

4B),  but  also  IL-10'"  IgA'"  B  cells  (Fig. 

4C)  in  GF  mice  when  compared  with 
PBS-,  or  NCK56-treated  mice, 
suggesting  that  SIpA  plays  a  critical 
role  in  the  immune  regulation  that 
contributes  to  the  mitigation  of  colitis. 

Next,  by  utilizing  a  gene 
screening  approach  for  all  known  murine  SiGNR1-8,  the  SIGNR1  and  SIGNR3  genes  were 
determined  to  be  differentially  activated  in  the  colonic  cells  of  the  mice  orally  treated  with  NCK2187 
(Fig.  5A),  prompting  us  to  evaluate  the  binding  of  SIpA  to  SIGNR3  and  SIGNR1  that  potentially 
regulates  critical  signals  in  colonic  cells.  Therefore,  the  corresponding  extracellular  domains  of 
SIGNR1  and  SIGNR3  were  fused  to  the  Fc  part  of  human  lgGi  {Signr1-hFc,  Signr3-hFc)  and  then 
transiently  expressed  in  Chinese  hamster 
ovary  (CHO)-S  cells  (not  shown).  Our  data 
demonstrated  that  while  expressed 
SIGNR3-hFC,  but  not  SIGNR1-hFC, 
bound  to  purified  SIpA  coated  on  charged 
beads,  DCAR-hFc  (control  irrelevant 
protein),  hFc,  or  the  secondary  rat  anti¬ 
human  Fc  alone  did  not,  suggesting  SIpA- 
binding  specificity  to  SIGNR3  but  not 
SIGNR1  (Fig.  5B).  Moreover,  given  that 
SIGNR3  was  found  to  be  the  mouse 
ortholog  of  DC-SIGN,  most  closely 
resembling  its  human  homolog  in  terms  of 
ligand  binding, in  vitro  binding  assays 
confirmed  that  purified  SIpA  binds  to  DC- 
SIGN-Fc  (Fig.  5C),  as  well  as  to  CHO-S 
expressing  DC-SIGN  (Fig.  5D).  This  very 
critical  observation  led  us  to  focus  on 
SIGNR3-properties  in  the  intestinal 
immune  regulation  upon  its  interaction  with 
SIpA. 
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Figure  5.  L.  acidophilu5-S\pA  binds  to  mouse  SIGNRS  and  DC-SIGN.  (A) 

C57BL/6  mice  were  orally  gavaged  with  10^  CFU  NCK56  (WT)  or  NCK2187 
(SLP+)  and  the  colonic  gene  expression  of  murine  C-type  lectin  receptors 
were  measured  by  qRT-PCR.  (B)  Binding  of  SIpA  to  murine  lectin-Fc  proteins 
were  analyzed  by  flow  cytometry.  (C)  Binding  of  SIpA  to  human  DC-SIGN 
were  analyzed  by  flow  cytometry.  (D)  CHO-S  cells  were  transfected  with  DC- 
SIGN  expressing  plasmid  and  binding  of  labeled  SIpA-coated  beads  were 
assessed  for  the  their  binding. 
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Figure  4.  L  ac/dop/i//us-SlpA 
promotes  intestinal  immune 
regulation  in  germ-free  (GF)  mice. 
GF  C57BU6  were  orally  gavaged 
with  109  CFU  NCK56  (WT). 
NCK2187  (SIpA*)  every  three  days 
for  a  total  of  four  times,  or  left 
untreated.  Two  weeks  later,  immune 
responses  were  analyzed  by  flow 
cytometry.  (A)  IL-1p*  and  IL-6* 
colonic  DCs  were  reduced  in 
NCK2187-treated  GF  mice.  The 
frequency  of  colonic  FoxP3*  Tregs 
(B)  and  IL-10*  B  cells  (C)  were 
increased  in  NCK2187-treated 
mice.*  compare  with  PBS,  &  *  with 
NCK56.  *P<0.05,  ’*P<0.01. 


Subsequently,  SignrS'^'  mice  were  generated  in  our  laboratory  to  fortify  the  hypothesis  that 
SIpA  regulates  colonic  immunity  via  SIGNRS  signaling  to  resist  pathogenic  inflammation  in  dextran 
sulfate  sodium  (DSS)-induced  colitis.^  In  this  colitis  model,  while  NCK2187  or  its  purified  SIpA 
protected  wt  SignrS^^^  mice  from  severe  induced  colitis,  such  protection  was  not  observed  in  SignrS'^' 
mice  (Fig.  6A-B),  indicating  that  this  SIGNR3  is  highly  involved  in  immune  regulation  via  its 
interaction  with  SIpA.  Analyses  of  the  microbiota  of  wt  mice  treated  with  NCK2187  or  its  SIpA 
compared  to  NCK56  clearly  illustrated  a  significant  rebalance  of  the  composition  of  the  natural  mouse 
microbiota,  which  was  not  evident  in  SignrS'''  mice  (Fig.  6C-D).  Importantly,  both  NCK2187  and  its 
purified  SIpA  also  significantly  mitigated  already  established  DSS-induced  colitis.  Such  a  trend. 


however,  was  not  observed  in  SignrS^'  mice  (not 
shown).  Below,  we  will  further  elucidate  SipA:SIGNR3 
mechanisms  to  ascertain  their  impact  on  intestinai 
immune  responses,  and  barrier  functions.  To  further 
investigate  the  reguiatory  roie  of  L.  acidophilus-S\pA 
we  then  selected  Citrobacter  rodentium  that  results  in 
a  breach  of  the  intestinal  epithelial  barrier,  potentially 
orchestrated  by  unrestrained  pro-inflammatory 
immune  responses.^^  Obtained  data  demonstrate  that 
treatment  of  mice  with  NCK2187  and  its  purified  SipA 
significantiy  accelerated  pathogen  clearance  (Fig. 

7A),  resulting  in  reduced  size  of  the  draining  iymph 
nodes  (Fig.  7B),  and  decreased  coionic  IL-1|3 
expression  (Fig.  7C).  Conversely,  this  trend  was  not 
observed  in  C.  rodenf/um-infected  mice  that  were 
treated  with  NCK56  or  PBS,  suggesting  that  L. 
acidophilus-S\pA  reguiates  induced  proinflammation 
(e.g.,  IL-ip)  resuiting  in  iess  coionic  damage  and 
bioody  diarrhea  (Fig.  7D-E).  Furthermore,  histologic 
anaiyses  of  coionic  mucosal  damage  (e.g.,  abnormal 
crypts)  and  induced  transmurai  infiammation  with  C. 
rodentium  aione  or  C.  rodentium  pius  NCK56 
reveaied  increased  iymphoplasmacytic  with  iesser  but 
mildiy  increased  neutrophilic  infiltrates  within  the 
lamina  propria  and  colonic  submucosae,  which  were 
decreased  in  NCK2187  and  its  purified  SipA-treated 
groups  (Fig.  7D).  Thus,  these  data  indicate  that  the 
magnitude  of  innate  cell  activation  must  be  preciseiy 
reguiated  so  as  to  minimize  the  pathoiogic  conditions 
characterized  by  hyperimmune  responses  that  result  in 
coiitis.^'^  Such  regulation  is  aiso  criticai  in  iimiting  the  later 
stages  of  pathogen-specific  immunity  and  pathogen-induced 
inflammation  as  a  means  of  preventing  inflammation 
associated  tissue  damage. 

The  rationale  of  characterization  this  L.  acidophilus 
strain,  NCK2187,  was  then  to  fully  understand  the 
regulatory/stimulatory  role  of  SIpA  in  the  regulation  of 
pathogenic  infiammation  induced  in  poiyposis  modei  as 
demonstrated  above  in  various  infections  and  infiammatory 
induced  colitis  murine  modeis. 

To  target  a  key  carcinogenic  event  in  the  colon,  we 
have  used  homologous  recombination  to  introduce  ioxP 
sites  on  either  side  of  exons  11  and  12  of  the  mouse 
adenomatous  polyposis  coii  (APC'°’^'‘®®)  gene,  such  that  Cre- 
mediated  recombination  wouid  generate  a  truncated  APC 
gene  product  extending  oniy  as  far  as  exon  468.  These  mice 
(ApcIo><468)  crossed  to  TS4-Cre  transgenic  mice  that 
express  Cre  specificaliy  in  the  colon  and  distal  ileum.  Mice 
double  heterozygous  for  conditional  and  TS4-Cre 

were  generated  and  aged  where  as  early  as  4  months  of 
age,  extensive  polyposis  is  detected  throughout  the  colon 
and  distal  ileum,  but  not  in  the  proximai  ileum,  jejunum  or 


Figure  6.  L  addop^Oua  NCK2187  and  its  SipA  do  not  protect  adairwt  DSS-induced  coilMe  In 
$ignr3-^  mtoe.  Wt  B6  or  B6  QtgnrT^  |KO)  rnico  were  arady  gavaged  wtri  NCK56,  NCK2tB7  or 
SipA  on  darys  -3  and  -1.  and  3%  065  «aa  given  in  dir^ng  «eter  Mioe  rvere  gavaged  attn 
bacteria  or  pudried  SipA  eiory  other  day  for  an  abddonst  3  fimea  and  monaored  tor  deeaae 
progrestston  A.  ColtiB  scores  based  on  rnstopathotogy  were  used  as  a  measure  ot  dseaae.  n  •  3 
mioeigroup  B-  Cotorroeoopies  were  performed  m  toe  diTerent  groupe  wttn  a  Aluit»-Purpoee  Rigid^ 
Teieecope  anacned  lo  a  TELE  f^CX  X  on  day  10  C  UrMFrac  anaiyeee  were  used  to  calculate 
dtslarrces  txKweer^  the  nrwcrobtal  ocrnmurvlies  of  the  dMererH  samples  (Dery  lOl  and  toree- 
nmermorai  scafttarpiots  iMore  generatod  oy  using  PCoA  0.  Species  rchrasa  ana  imciobsil 


diversity  n  OSS-trealed  rrv^e  top  The  Chao  rtchnees  ndes  was  used  as  a  measure  of  spades 
hchr'oee.  Bofliom  The  Shannon  dhrereKy  irtoo*  was  used  lo  eeumate  microbaJ  diverelty  lor  each 
group  n  •  A-d  rrsoe^roup.  Data  are  shown  as  mean  x  S£M.  and  are  representative  of  three 
ditiBrant  ospenmants.  ‘P^.OS  '•P^O.DI  •***F<0.0(X)1 


Figure  7.  Mitigation  of  C.  ro<len(/dm>lnducod  Inflammation  by  L 
sddof^Hus  and  its  S4pA.  B6  mioe  were  orally  gavaged  writi  NCK56 
(red),  NCK2187  (green),  or  SipA  (Wue).  3  arxJ  1  days  prior  !o  tolecbon 
with  C.  rodentiuw,  and  every  other  day  thereafter  for  2  weeks,  or  left 
untreated  (magenta).  A  group  of  mice  remained  urwrvfecied  and  was  fed 
PBS  as  control  (white).  A.  C.  /odenfium-speafic  pnmers  and  16S  rONA 
uoMversal  pnmers  were  used  to  test  the  peroentage  of  C.  rodentk/fn 
reiatfve  to  total  bactena  After  8  days  post-infection  of  C  fxxienbum. 
accelerated  dearanoe  of  C.  fodef\Oum  was  obeerved  in  the  groups  orally 
gavaged  with  MCK2167  and  SipA.  txit  not  in  the  NCK56  group  B. 
Relative  weight  of  the  mesentenc  lymph  nodes  (MLNs)  of  taiinfecied 
and  infected  mice  at  day  14  MLNs  isolated  from  NCK2187-  and  StpA- 
treated  animats  were  of  sinMar  size  lo  urwifecied  mice.  C.  Colonic 
expression  of  ffib  was  determined  by  RT-PCR  retatrve  to  uninfected 
mice  at  day  14  0.  H>stopathoiogy  of  colons  isolated  14  days  post- 
mfeotion  demonstrated  increased  inflammation  in  C.  nxientM/m  onfy  and 
C.  roOenutm  ♦  MCK56  groups.  E.  Colitis  severity  was  also  deterTnir>ed 
in  part  by  diarrhea  scores  and  FOB.  n  =  5  micei’group  Data  represent 
two  individuai  experiments  and  are  shown  as  mean  t  SEM.  *P<O.QS. 
••PO.OI.  •••P^O.OOI.  and  ••••P<t) 0001 .  compared  to  the  C.  rodentkffn 
only  group. 


duodenum  (Fig.  8).  Afterwards,  we  tested  the  hypothesis  that  L.  acidophilus  surface  layer  protein  A 
(SIpA)  interacts  with  colonic  DCs  via  a  c-type  lectin  receptor  (CLR),  such  as  dendritic  cell  specific 
ICAM-3-grabbing  nonintegrin  (SIGNR3),  to  regulate  detrimental  signals  In  innate  cells  resulting  in 
significant  mitigation  of  pathogenic  inflammation  that  potentially  results  in  the  growth  of  polyposis 

(Fig.  8). 

Aim  2.  To  demonstrate  the  regulatory  effects  of  L.  acidophilus  SIpA  in  decreasing  cancer 
promoting  inflammation  of  colonic  polyposis  in  TS4Cre-APC°^'^®®  transgenic  mice. 

To  analyze  the  immunomodulatory  properties  of  NCK2187  versus 
its  control  strains,  TS4Cre-APC'™'^“®  mice  were  treated  for  four 
weeks  and  then  euthanized  and  analyzed.  We  looked  for  a 
difference  in  the  number  of  polyps  in  the  small  Intestine  and  colon. 

We  also  investigated  the  differential  frequencies  of  immune  cells 
and  differential  cytokine  expression  throughout  the  intestines  and 
the  draining  lymph  nodes.  Previously  we  reported  that  inflammation 
associated  with  polyposis  becomes  systemic  in  mouse  models  of 
hereditary  polyposis,  as  evidenced  by  splenomegaly  and  elevated 
levels  of  pro-inflammatory  cytokines  in  the  sera.^  Once  again  data 
demonstrated  the  promising  trend  as  previously  demonstrated.^ 

After  this  significant  progress  demonstrating  that  NCK2187  and  its 
SIpA  play  a  critical  role  in  tuning  down  the  inflammation  we  then 
established  PTEhi°^APd°^'^^^TS4-Cre  mouse  strain  to  meet  further  the  milestones  outlined  in  Aim  2. 

PTE^^°^APd°^'^^TS4-Cre  mouse  model.  The  transition  from  benign  to  invasive  cancer  involves 
secondary  genetic  mutations  that  can  potentially  render  the  neoplasm  less  dependent  on  the 
immediate  tumor  microenvironment.  To  test  the  protective  or  otherwise  harmful  potential  of  L. 
acidophilus  strains  and  their  gene  products  (SIpA),  we  have  developed  a  mouse  model  of  invasive 
cancer  that  Is  based  on  the  superimposition  of  a  secondary  genetic  event  on  the  tumor  suppressor 
APC  genetic  defect.  Large  scale  studies  have  revealed 
loss  of  heterozygosity  at  the  phosphatase  and  fensin 
homolog  deleted  on  chromosome  10  (PTEN)  tumor 
suppressor  gene  locus  in  up  to  50%  of  primary  tumors 
tested,  making  it  one  of  the  earliest  and  most 
commonly  mutated  genes  in  human  cancer.  By 
crossing  TS4-Cre  mice  to  mice  genetically  modified  to 
harbor  Cre-dependent  conditional  PTEN  and  APC 
alleles,  we  generated  homozygous  compound  mutant 
mice  that  inactivate  both  APC  and  PTEN  in  colonic 
epithelial  cells  (Fig.  9).  The  resulting  PTEI^°^ 

APd°^'^^^TS4-Cre  mice  develop  invasive  colon  cancer 
starting  from  5  months  of  age.  To  test  the  response  to 
L.  acidophilus  strains  and  purified  SIpA  in  this  murine 
colon  cancer  model,  we  carried  out  the  same  series  of 
experiments  in  the  PTEi^°^APd°^'^^^TS4-Cre  mice 
already  described  in  Fig.  8.  Briefly, 

PTEN°^APd°’^^^^TS4-Cre  mice  were  constructed  and 
crossed  to  obtain  the  double  mutations  in  APC  and 
PTEN  genes  in  these  mice.  Subsequently,  these  mice 
were  aged  (3-4  months)  to  conduct  studies  dealing 
with  local  and  systemic  Immune  regulation  by 
NCK2187  or  its  purified  SIpA  to  reduce  polyps  in  these 
mice.  By  testing  the  anti-carcinogenic  effects  of 
NCK2187  on  our  JS4-Cre-APd°^^^^  PTEd°^  mouse 


COLON 


100X 

m«gnific«tk>n 


JEJUNUM 


DUODENUM 


Fig  9  H&E  of  paraffin  embedded  “jelly-rolls” 
of  APC'°’''^®®  X  PTEN'°>'  mouse  intestine.  Note 
invasive  lesions  in  the  colon  and  distal 
ileum,  (white  arrow,  lOOx  magnification).! 


Fig.  8.  NCK2025  L.  acidophilus 
protects  against  coion  cancer. 

Colons  from  polyposis  mice, 
untreated  (top)  or  orally  treated  with 
5x10®  NCK2025  everyday  for  4 
weeks.  Arrows  point  to  polyps. 


model  we  found  that  this  mouse  model  is  extremely  difficult  to  significantly  reduce  the  induced  polyps 
by  NCK2187  potentially  due  to  deletion  of  two  very  important  genes  in  the  same  mice  (Fig.  10).  After 
so  many  attempts  we  concluded  that  much  more  time  and  funds  are  highly  required  to  tune  up  the 
system  in  this  novel  mouse  model.  Additionally,  we  also  established  a  new  method  for  isolation  of 
SIpA  using  NaCI  and  developed  a  novel  monoclonal  antibody  that  can  detect  the  uptake  of  orally 
gavaged  SIpA  by  gut  immune  cells. Using  this  method,  experiments  are  outlined  in  a  proposal  that 
has  just  been  submitted 
to  NIH  indicating  that 
SIpA  can  be  potentially 
used  in  first  clinical  trials 
that  will  be  performed  at 
the  University  of  Florida. 


Conclusion 

This  proposal  took 
advantage  of  innovative 
concepts  and  tools  to 
rebalance  intestinal 
immunity  by  novel  L. 
acidophilus  strain, 
called  NCK2187  and 
newly  purified  SIpA,  to 
achieve  therapeutic 
outcomes  in  colon 

cancer.  The  goal  of  the  study  was  to  discover  genetically  modified  L.  acidophilus  strain  with  cancer 
preventing  and  therapeutic  properties  using  unique  mouse  models  that  have  been  established  in  our 
laboratory.  These  studies  could  have  significant  impact  on  our  understanding  of  the  communication 
between  beneficial  microbes  such  as  modified  L.  acidophilus  (NCK2187)  and  the  host  immune 
system  involved  in  inflammatory  responses,  and  would  potentially  lead  to  the  development  of  novel 
probiotic  platforms  for  cancer  therapeutic  application.  We  thus  believe  that  such  mechanistic  studies 
provide  a  better  understanding  of  signals  delivered  by  L.  acidophilus-S\pA  to  intestinal  cells, 
particularly  DCs,  which  might  initiate  critical  immune  responses  to  mitigate  intestinal  diseases. 
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Fig.  10.  PrEA/°MPC'°^^®®7S4-Cfe  mice  were  gavaged  with  NCK  2187  (10® 
CFU/mouse)  or  with  PBS  (Control)  once  a  week  during  nine  consecutive  weeks. 
Mice  were  sacrificed  two  week  later.  A.  MLN  weight  (%  of  body  weight),  B. 
Spleen  weight  (%  of  body  weight),  C.  Ratio  weight/Length  (g/cm),  D.  Polyps 
counts  (colon),  E.  Polyps  counts  (small  intestine).  Experiments  were  repeated  at 
least  3  times  with  the  same  trend. 
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